Intravenous thrombolysis (IVT) in patients with a low National Institutes of Health Stroke Scale (NIHSS) score of 0-5 remains controversial. IVT should be used in patients with mild but nevertheless disabling symptoms. We hypothesize that response to IVT of patients with "mild stroke" may depend on their level of functional dependence (FD) at hospital admission. The aims of our study were to investigate the effect of IVT and to explore the role of FD in influencing the response to IVT. This study was a retrospective analysis of a prospectively collected database, including 389 patients stratified into patients receiving IVT (IVT + ) and not receiving IVT (IVT − ) just because of mild symptoms. Barthel index (BI) at admission was used to assess FD, dividing subjects with BI score < 80 (FD + ) and with BI score ≥ 80 (FD − ). The efficacy endpoints were the rate of positive disability outcome (DO + ) (3-month mRS score of 0 or 1), and the rate of positive functional outcome (FO + ) (mRS score of zero or one, plus BI score of 95 or 100 at 3 months). At the multivariate analysis, IVT treatment was an independent predictor of DO + (OR 3.12, 95% CI 1.34−7.27, p = 0.008) and FO + (OR: 4.70, 95% CI 2.38−9.26, p = 0.001). However, FD + IVT + patients had a significantly higher prevalence of DO + and FO + than those FD + IVT -. Differently, IVT treatment did not influence DO + and FO + in FDpatients. In FD + patients, IVT treatment represented the strongest independent predictor of DO + (OR 6.01, 95% CI 2.59-13.92, p = 0.001) and FO + (OR 4.73, 95% CI 2.29-9.76, p = 0.001). In conclusion, alteplase seems to improve functional outcome in patients with "mild stroke". However, in our experience, this beneficial effect is strongly influenced by FD at admission.
Introduction
Many patients with acute ischemic strokes (AIS) have a low National Institutes of Health Stroke Scale (NIHSS) score at presentation [1, 2] . Although the presence of these mild symptoms represents the most common reason for renouncing intravenous thrombolysis (IVT) [3] , only 68% of these patients can be discharged home without a residual disability [4] . Thus, there is increasing interest in the use of IVT in AIS patients with a low NIHSS score at admission. Results coming from clinical studies on this topic are conflicting, since functional outcome results, as assessed by the modified Rankin scale (mRS) sometimes improve, and at other times, are not modified by IVT treatment [5] [6] [7] [8] [9] [10] .
Previous American Heart Association/American Stroke Association guidelines suggested to use IVT treatment in persons with a wide spectrum of neurological deficits (1996) and with measurable neurological deficits (2007) [11, 12] . This concept has been updated in the most version of the guidelines, recommending that IVT should also be used in patients with mild, but nevertheless disabling symptoms [13] . However, the NIHSS is not able to assess severity of disability. For instance, it cannot be used to accurately assess posterior circulation disease, which may cause very disabling symptoms. In fact, already in 2013, Wendt et al. reported that language impairment, distal paresis, and gait disorder were common disabling deficits in patients with low NIHSS scores. The authors suggest that the judgment of whether a stroke is disabling should not be based on the NIHSS score, but on the assessment of individual neurologic deficits and their impact on functional impairment [14] .
To date, only a trial has been performed to compare the efficacy of alteplase versus aspirin for AIS patients with minor and non-disabling neurological deficits (the PRISMS trial). The authors observed that alteplase did not increase the likelihood of favorable outcome compared to aspirin [15, 16] . Although the PRISMS was a prospective, double-blind, and placebo-controlled trial, it suffered from two significant limitations. In fact, the study was terminated early because patient recruitment was below target and it adopted a definition of "not clearly disabling" that was subjective and required interpretation by individual clinicians. Thus, conclusions of the PRISMS trial cannot be generalized.
A possible reason for the uncertain effectiveness of alteplase in minor strokes is that patients with a low NIHSS score at admission may respond to IVT treatment in different ways, depending on their level of functional dependence (FD) at admission. In addition, we suggest that the severity of FD should be assessed by a standard measure, such as the Barthel index (BI), instead of using a subjective selection based on the judgment of each physician. The aims of our study were: (1) to investigate the effects of IVT in patients with "mild stroke", defined as a NIHSS score of 0−5 at presentation; (2) to explore the role of FD in influencing response to IVT in AIS patients with "mild stroke".
Materials and Methods

Patients
This study was based on a retrospective analysis of a prospectively-collected database of consecutive patients admitted to the Udine University Hospital for AIS from January 2015 to December 2018. Inclusion criteria were: age 18 years or older and NIHSS score of 0 to 5. Exclusion criteria were: presence of a pre-stroke mRS score > 1, large vessel occlusion on cranial CT-angiography, and time interval > 4.5 h from symptoms onset. Out of 1636 patients admitted for AIS, 389 were considered suitable for the study after considering inclusion and exclusion criteria. The study sample was stratified into 2 groups: AIS patients who received IVT (IVT + ) and patients to whom IVT was denied because of mild symptoms (IVT − ).
Data Collection
The following variables were collected: age, sex, vascular risk factors such as previous transient ischemic attack or previous stroke, ischemic heart disease, peripheral artery disease, obesity defined as a BMI ≥ 30, atrial fibrillation, hypertension, diabetes mellitus, hypercholesterolemia, current smoking status, and pharmacological treatment. Stroke severity was determined with the NIHSS at admission. Presence of intracranial hemorrhage (ICH) was detected. Definition of symptomatic ICH (sICH) was based on the European Cooperative Acute Stroke Study (ECASS) III protocol [17] . Functional outcome was assessed by means of the mRS score 3 months after the stroke, and of the BI score, calculated at admission and recalculated at 3-months. The mRS and the BI scores after discharge were recorded at the patients' routine clinical visit during a face-to-face examination.
Outcome Measures
Our efficacy endpoints were: (1) rate of positive disability outcome (DO + ), defined as a 3-month mRS score of 0 or 1; (2) rate of positive functional outcome (FO + ), defined as an mRS score of 0 or 1 plus a BI score of 95 or 100 at 3 months. The safety endpoints were: (1) rate of mortality at 3 months;
(2) presence of sICH.
Statistical Analysis
Baseline characteristics and outcomes of the two patient groups (IVT + versus IVT − ) were compared by means of the chi-square test (Fisher's exact test) for categorical variables and the Student's t-test for independent samples when the continuous variables had a normal distribution.
The Mann-Whitney U test was used when the continuous variables had an abnormal distribution and for ordinal variables. Binary logistic regression was used to explore variables associated with outcome measures.
In order to explore whether there was a significant interaction between the types of presenting symptoms (according to the Barthel index) and the efficacy of thrombolysis, both patients treated and not treated with IVT were differentiated as: (1) patients without FD; (2) patients with FD predominantly due to weakness; (3) patients with FD predominantly due to imbalance; (4) patients with FD predominantly due to neglect and/or hemianopsia; (5) patients with FD predominantly due to other neurological symptoms, e.g., aphasia and confusion.
With the aim to verify if the level of FD at admission might influence response to IVT in AIS patients with "mild stroke", we divided our sample into subjects with a BI score < 80 (FD + ) and those with a BI score ≥ 80 (FD − ). We tested this hypothesis comparing the efficacy endpoints between FD + and FDpatients, treated and not treated with IVT.
Data are displayed in tables as means and standard deviations (SD), if not otherwise specified. All probability values are two-tailed. A p value of < 0.05 was considered to be statistically significant. Statistical analysis was carried out using the SPSS Statistics, Version 20.0 for Windows (Chicago, IL, USA).
Results
Our sample of 389 patients was composed of 235 males (60.4%) with a mean age of 68.5 ± 13.6 years, a median NIHSS score of 2 (IQR 1−3), and a median BI score of 75 (IQR 60-90). Almost one-half (51.7%) of our patients with "mild stroke" had a BI score < 80 at admission (FD + patients). Figure 1 shows the distribution of the BI score at admission in our sample. Of the 389 enrolled patients with "mild stroke", 113 (29%) were treated with IVT (IVT + ), whereas in 276 (71%), IVT was denied because of mild symptoms (IVT − ). Baseline characteristics in IVT + and IVTpatients are summarized in Table 1 . The two groups differed only in median NIHSS score and use of anticoagulants. Of the 389 enrolled patients with "mild stroke", 113 (29%) were treated with IVT (IVT + ), whereas in 276 (71%), IVT was denied because of mild symptoms (IVT − ). Baseline characteristics in IVT + and IVTpatients are summarized in Table 1 . The two groups differed only in median NIHSS score and use of anticoagulants. At 3-months, IVT treatment improved both measures of outcome (DO + and FO + ). Although IVT + patients showed higher rates of sICH than those IVT -, the prevalence of 3-month mortality did not differ between the two groups (see Table 2 ). By univariate analysis, apart from IVT treatment, a positive disability outcome (DO + ) was also associated with younger age (OR for 1-year increment in age 0.98, 95% CI 0.96-0.99, p = 0.02), lower NIHSS score at admission (OR 0.72 for 1-point increase in the scale, 95% CI 0.60-0.85, p = 0.001), higher BI score at admission (OR 1.06, 95% CI 1.05-1.08, p = 0.001), lower serum glucose at admission (OR 0.98 for each mg/dl increase in glucose, 95% CI 0.97-0.99, p = 0.01), a history of previous transient ischemic attack/stroke (OR 0.42, 95% CI 0.24-0.75, p = 0.003), obesity (OR 0.41, 95% CI 0.19-0.91, p = 0.02), and of diabetes mellitus (OR 0.45, 95% CI 0.27-0.77, p = 0.003). Regarding instead positive functional outcome (FO + ), younger age (OR for 1-year increment in age 0.98, 95% CI 0.96-0.99, p = 0.008), lower NIHSS score at admission (OR 0.72 for 1-point increase in the scale, 95% CI 0.61-0.85, p = 0.001), higher BI score at admission (OR 1.06, 95% CI 1.04-1.07, p = 0.001), a history of previous transient ischemic attack/stroke (OR 0.45, 95% CI 0.26-0.80, p = 0.005), hypertension (OR 0.61, 95% CI 0.38-0.98, p = 0.04), and diabetes mellitus (OR 0.52, 95% CI 0.31-0.87, p = 0.01) were related to FO + at 3 months.
By multivariate analysis, after controlling for variables significantly associated with the two efficacy endpoints at the univariate analysis, IVT treatment remained an independent predictor of DO + and FO + in patients with "mild stroke" (see Table 3 ). A beneficial effect of IVT was observed only in patients with FD predominantly due to weakness who significantly improved after treatment (DO + : OR 4.88, 95% CI 2.01-11.83, p = 0.001; FO + : OR 5.03, 95% CI 2.23-11.32, p = 0.001), different from patients without FD, or with other types of presenting symptoms (data not shown).
As shown in Figure 2 , the prevalence of DO + was significantly higher in FD + IVT + patients than in those FD + IVT -(FD + IVT + : 83.9% vs. FD + IVT -: 52.5%, p = 0.001); differently, IVT treatment did not influence DO + in FDpatients (FD -IVT + : 90.2% vs. FD -IVT -: 89.1%, p = 0.8). Similarly, for functional outcome, FO + was significantly more common in FD + IVT + patients than in those FD + IVT -(FD + IVT + : 77.4% vs. FD + IVT -: 44.6%, p = 0.001), whereas rates of FO + were similar in FD -IVT + and FD -IVTpatients (90.2% vs. 85.4%, p = 0.4) (see Figure 3 ). In FD + patients, the following variables were independent predictors of outcome: IVT treatment (OR 6.01, 95% CI 2.59-13.92, p = 0.001), BI score at admission (OR 1.07, 95% CI 1.04-1.10, p = 0.001), a history of previous transient ischemic attack/stroke (OR 0.41, 95% CI 0.18-0.92, p = 0.03), and diabetes mellitus (OR 0.42, 95% CI 0.18-0.94, p = 0.04) for DO + ; IVT treatment (OR 4.73, 95% CI 2.29-9.76, p = 0.001), BI score at admission (OR 1.04, 95% CI 1.02-1.07, p = 0.001), and a history of previous transient ischemic attack/stroke (OR 0.44, 95% CI 0.20-0.96, p = 0.04) for FO + . In contrast, IVT treatment did not affect functional outcome in FDpatients; in fact, BI score at admission was the only independent predictor of DO + (OR 1.22, 95% CI 1.07-1.39, p = 0.002), and FO + (OR 1.13, 95% CI 1.05-1.21, p = 0.001). In FD + patients, the following variables were independent predictors of outcome: IVT treatment (OR 6.01, 95% CI 2.59-13.92, p = 0.001), BI score at admission (OR 1.07, 95% CI 1.04-1.10, p = 0.001), a history of previous transient ischemic attack/stroke (OR 0.41, 95% CI 0.18-0.92, p = 0.03), and diabetes mellitus (OR 0.42, 95% CI 0.18-0.94, p = 0.04) for DO + ; IVT treatment (OR 4.73, 95% CI 2.29-9.76, p = 0.001), BI score at admission (OR 1.04, 95% CI 1.02-1.07, p = 0.001), and a history of previous transient ischemic attack/stroke (OR 0.44, 95% CI 0.20-0.96, p = 0.04) for FO + . In contrast, IVT treatment did not affect functional outcome in FDpatients; in fact, BI score at admission was the only independent predictor of DO + (OR 1.22, 95% CI 1.07-1.39, p = 0.002), and FO + (OR 1.13, 95% CI 1.05-1.21, p = 0.001).
Discussion
For the first time we demonstrated that patients with "mild stroke", as defined as a NIHSS score of 0−5, should be selected for IVT on the basis of their level of FD at admission. In particular, subjects with moderate or severe FD, as assessed by the BI score, should be treated with IVT as soon as possible. In contrast, treatment with alteplase seems to be ineffective on patients who are functionally independent or with slight FD at admission. Thus, our study gives support to the latest American Heart Association/American Stroke Association guidelines recommending that IVT should be used for patients with mild but also disabling symptoms [13] .
There is ongoing debate concerning what is a "mild stroke". In 2010, Fisher et al. explored the relationship of 6 different "minor stroke" definitions and outcomes. Since patients with a NIHSS score ≤ 3 had the best short-and medium-term outcome, the authors suggested to use this easily-applicable definition [18] . Although this definition has been used in some studies [19, 20] , a recent review of this topic reported that the NIHSS-with a score ranging from 0 to 5-is the most commonly used tool to define a "mild stroke" [21] . Similarly, we utilized an NIHSS score of 0 to 5 for identifying patients with supposed "mild" symptoms; our patients had a median NIHSS score of 2. However, despite their low NIHSS, several of them were affected by severe FD at admission; in fact, we observed a median BI score of 75, and 51.7% of the sample had a BI score < 80. This discrepancy may be due to the fact that the NIHSS is not able to detect symptoms of posterior circulation stroke, such as postural instability, gait disturbance, and dysphagia that can cause very severe disability. Thus, we think that patients with a low NIHSS score at presentation should be carefully evaluated regarding the presence of possible disabling symptoms before being labeled as affected by "mild stroke".
Originally published in 1965, the BI was developed to give physicians a suitable standard tool to assess and measure FD [22] . In fact, the BI covers all activities considered part of any assessment of activities of daily living, has an excellent reliability and validity, is easy to use, and only takes a few minutes [23] . Thus, we suggest adopting this tool in patients with "mild stroke", in order to correctly recognize patients with non-disabling symptoms.
Obviously, the exact distinction between stroke with disabling or non-disabling symptoms becomes extremely important when patients are affected by AIS and are suitable for IVT treatment. In our sample, more than 70% of AIS patients were not treated with IVT because they were deemed too good to be treated. This rate is perfectly in line with previous studies on this topic [6, 9, 10] . As shown in Table 1 , the decision to treat or not to treat with IVT was merely based on the NIHSS score, whereas the level of FD was absolutely neglected. Use of anticoagulant agents was, as expected, significantly higher in AIS patients with "mild stroke" who were not treated, than in those who received IVT.
Previous studies on IVT treatment in AIS patients with mild symptoms report conflicting results [5] [6] [7] [8] [9] [10] . In 2012 Huisa et al. investigated 133 patients with minor ischemic strokes, defined as an admission NIHSS score ≤ 5, and observed similar outcomes between patients treated and not treated with alteplase [5] . An Italian study of 128 patients with mild ischemic stroke confirmed that alteplase did not improve functional outcome [6] . Of 276 patients with mild ischemic stroke symptoms that were analyzed by Spokoyny et al., 83 were IVT treated. Treated and untreated patients had similar baseline characteristics except that the treated group had higher baseline NIHSS. Prevalence of mRS 2−6 at 90 days was 37.4% in the treated group and 31.1% in the untreated group (p = 0.44) [9] . In contrast, Urra et al. reported that IVT was associated with a greater proportion of patients with mild stroke who shifted down on the mRS score at 3 months (OR 2.66; 95% CI 1.49-4.74, p = 0.001) [7] . In a case-control study of 890 Austrian patients with a NIHSS score 0−5 at admission, IVT was associated with a better outcome after 3 months (OR 1.49, 95% CI 1.17-1.89, p < 0.001) [8] . More recently, Haeberlin et al. compared 3-month functional outcomes in 370 consecutive AIS patients with a NIHSS score ≤ 6. Although patients with mild AIS had a high chance of favorable outcomes irrespective of treatment type, subjects receiving IVT more often achieved complete remission of symptoms (mRS score = 0) (OR 3.33, p < 0.0001) [10] . Similarly to Urra et al. [7] and Haeberlin et al. [10] , we observed a major beneficial effect of IVT on the outcome measures. Interestingly, it would seem that IVT efficacy is more pronounced in AIS patients affected by "mild stroke" than in those enrolled in regulatory randomized controlled trials, in which patients with minor symptoms were largely underrepresented [24] . We think that this discrepancy may be due to different study design between observational studies and randomized controlled trials. In fact, more often, non-interventional studies tend to overestimate the effects of the treatment and show more variability in estimates of the effects because of residual confounding, errors, and bias.
Discording results of IVT efficacy in "mild strokes" may be explained by differences in clinical characteristics among patients with minor symptoms. In particular, our patients who underwent IVT had a better 3-month functional outcome than those IVT -, but presence of neurological symptoms due to weakness and level of FD at admission played a major role in influencing this association. If patients with "mild stroke" plus disabling symptoms (FD + ) were treated with alteplase, there was a significant improvement in functional outcome compared to those which were not treated. Indeed, more than 50% of patients with a BI score < 80 for whom IVT was denied did not achieve functional independence 3 months after stroke. In patients with "mild stroke" plus disabling symptoms, IVT represented the strongest predictor of DO + (OR: 6.01) and FO + (OR: 4.73). On the other hand, rates of favorable outcomes were very high in patients without disability, regardless of treatment type. In these patients, BI score at admission was the only independent predictor of DO + and FO + , while IVT treatment did not influence functional outcomes. In contrast, Urra et al. report that IVT was associated with a greater proportion of patients with non-disabling minor strokes who shifted down on the mRS score at 3-months [7] .
To date, only the PRISMS trial has been designed to assess the efficacy of IVT for the treatment of AIS with NIHSS 0−5, and without clearly disabling deficits. The authors designed a multicenter, randomized, double-blind, placebo-controlled trial with a sample size of 948 subjects [15] . Unfortunately, the study was terminated early because of low patient recruitment. Results of the 313 patients enrolled failed to demonstrate more favorable functional outcomes in patients treated with alteplase, as compared to those receiving only aspirin. However, the trial's early termination precludes any definitive conclusions on this topic. Moreover, definition of "not clearly disabling" was left to the subjective interpretation of individual clinicians [16] .
Regarding safety endpoints, in our sample, alteplase treatment significantly increased the risk of sICH, even if rates of mortality were similar in patients IVT + and IVT -. Bearing in mind that higher NIHSS scores predict a higher rate of sICH, it could be argued that our sICH rate in patients with "mild stroke" was high. However, a previous study performed in patients with minor stroke reported a sICH rate as high as 5% when IVT was administered [5] .
Several limitations of this study need to be acknowledged. First, the retrospective design of our study was certainly a limit; however, all data were prospectively collected. Second, measures of outcome were obtained by physicians that were not blinded to IVT treatment, which may have influenced their rating. Third, information on intervals between stroke onset and IVT was not collected, thus we cannot exclude that elapsed time from symptoms onset may have influenced physicians' decisions to perform or not perform IVT treatment. Finally, since this was a hypothesis-generating study, further surveys are needed to test our preliminary hypotheses. In particular, interventional trials should be performed in order to exclude the presence of a bias by indication that could have affected our observational study.
In conclusion, alteplase seems to improve functional outcome in patients with a low NIHSS score. However, in our experience, this beneficial effect is strongly influenced by FD at admission. In patients with "mild stroke" plus disabling symptoms, IVT treatment should be administered as soon as possible; on the contrary, alteplase may not be used if minor and non-disabling deficits are diagnosed. In order to distinguish mild ischemic stroke patients with disabling or non-disabling symptoms, we suggest to use the BI. Our observational study brings further evidence to the results coming from a few other non-interventional studies and from one randomized trial interrupted before completion. Thus, further large interventional studies are needed to confirm our preliminary findings. 
